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A number of studies use multiple methodologies to examine individuals' with EDs 10 experience of and abilities to withstand negative emotions and/or aversive states, termed distress 11 tolerance. For example, it was found that self-report emotional distress tolerance, but not 12 behavioral and physical forms of distress tolerance, was negatively associated with symptoms of 13 bulimia nervosa (BN) (Anestis et al., 2012). Another study found that BN did not differ from 14 healthy controls (HCs) on heat and cold pain thresholds after a stress induction task (Schmahl et 15 al., 2010) . While these studies expand our understanding of the utility of self-report and To gain a comprehensive understanding of affective response when engaged in distress 21 tolerance in EDs, multiple methods of assessment are needed (Gross, 2013); however, there are 22 few studies that utilize this approach, therefore any relationship between the psychophysiological 23 components of emotional responding and the behavioral components in EDs remains unclear 1 (Gross, 2013; Lang, Greenwald, Bradley, & Hamm, 1993) . 2
The psychophysiological component of emotional response is comprised of 3 parasympathetic and sympathetic nervous system activity. Parasympathetic nervous system 4 activity can be indexed by respiratory sinus arrhythmia (RSA), which consists of heart rate 5 variability (HRV) in conjunction with respiration. Neuroimaging studies show that there is a 6 positive relationship between RSA and increased activation in neural structures implicated in 7 emotion processing and physiological aspects of emotional responses (e.g., right pregenual 8 anterior cingulate, right subgenual anterior cingulate and right rostral medial prefrontal cortex 9 and the left sublenticular extended amygdala or ventral striatum) (Thayer, Åhs, Fredrikson, 10 Sollers, & Wager, 2012). Reduced resting RSA is theorized as a risk factor for psychopathology 11 (Crowell, Beauchaine, & Linehan, 2009), although systematic reviews and meta-analysis suggest 12 that higher resting HRV is associated with both BN (Peschel et al., 2016) and anorexia nervosa 13 (AN) (Mazurak, Enck, Muth, Teufel, & Zipfel, 2011) compared to controls. Low resting RSA, 14 decreased RSA when emotionally aroused, and a slow return to baseline after emotional arousal 15 are associated with greater symptoms of psychopathology (Beauchaine, 2015) . 16
Experimental work examining RSA response to stressors among individuals with EDs 17 has produced mixed findings. Two separate studies found that women with BED and obesity 18 (Friederich et al., 2006) and women with BN (Messerli-Bürgy, Engesser, Lemmenmeier, 19
Steptoe, & Laederach-Hofmann, 2010) showed decreased RSA levels with a slow return to 20 baseline following a psychological stress induction task. However, there is also evidence to 21 suggest that RSA levels among women with BED and obesity did not change after psychological 22 stress was induced (Messerli-Bürgy et al., 2010) and conversely women without EDs who are 23 obese showed a return to baseline RSA levels after stress exposure (Messerli-Bürgy et al., 2010). 1
Additional research suggests that decreased RSA after psychological stress is associated with 2 engagement in clinically significant levels of binge eating, rather than weight status (Udo et al., 3 2014 ). 4
The sympathetic nervous system response can be indexed by skin conductance response, 5 which measures the time it takes for a current to pass through the skin (Boucsein et al., 2012). 6
Higher skin conductance responses (SCRs) are associated with greater emotional arousal 7 (Kreibig, 2010; Lang et al., 1993) . In contrast to the mixed relationship between RSA and EDs, 8 evidence suggests that skin conductance levels (SCL) are similar between women with BN and 9 BED in response to different stressors (Hilbert, Vögele, Tuschen-Caffier, & Hartmann, 2011) 10 and between women with BN, women with self-reported restrained eating or HCs (Tuschen-11 Caffier & Vögele, 1999). Taken together, there is some evidence to suggest that there is a 12 relationship between EDs and decreased RSA when psychological stress is induced, and little 13 evidence pointing to a relationship between EDs and sympathetic responses as indexed through 14 skin conductance. 15
Thus far, the evidence base for the psychophysiological component of emotional 16
response while distressed across the range of EDs has been mixed, limited by small sample sizes, 17
and there is a lack of research utilizing multiple ED diagnoses. The current study extends past 18 to the PASAT-C. As individuals with EDs have been argued to have, "shared, but distinctive, 4 clinical features […] maintained by similar psychopathological processes," utilizing a 5 transdiagnostic approach that includes three ED groups may be most useful in identifying the 6 proposed "similar psychopathological processes" (Fairburn, Cooper, & Shafran, 2003) 7
We predicted a main effect of time, such that self-reported negative emotions would be 8 greater, happiness would be lower, and urges to binge eat would be greater after the PASAT-C, 9
in comparison to baseline and at recovery. Furthermore, we expected that diagnostic group 10 would moderate this effect. Specifically, we expected that HCs would demonstrate less 11 significant changes in negative emotions, happiness, and urges to binge eat during the PASAT-C, 12 compared to individuals with BN, BED or AN. As the PASAT-C is used as a demanding 13 Peterson & Fischer, 2012), we expected that RSA values would be lower and SCRs and tonic 18 SCL values would be higher during the PASAT-C in ED groups compared to HC, relative to 19 baseline and recovery. 20
Methods 21

Participants 22
Participants were self-referred from the community using flyers, referred from local 1 eating disorder clinics and student health and counseling services, and recruited in a University-2 based outpatient eating disorder program as part of several clinical trials. Participants were 3
invited to participate in the study if, after undergoing a clinical interview (described below) they 4 met for a diagnosis of BN, BED or AN (typical or atypical), without current drug or alcohol 5 dependence or symptoms of psychosis. HCs were self-referred from the community, student 6 health and counseling services, and the University Hospital, and were eligible to participate if, 7 after undergoing the same clinical interview as EDs, they did not meet diagnosis for current 8 psychopathology, and did not have a history of serious mental illness. 9
The sample consisted of 106 females with an ED and 26 female HCs with no history of 10 psychiatric disorders from the community. Of the participants with an ED, 34.90% of the sample 11 was diagnosed with BN (n=37), 51.89% with BED (n=55), and 13.21% with typical or atypical 12 AN (n=14). The sample identified predominantly as non-Hispanic (91.70%) and were 64.4% 13
Caucasian, 13.60% African-American, 4.50% Asian, and 9.1% of mixed race. The mean age of 14 participants was 35.06 years (SD = 11.47), and the mean body mass index (BMI) was 29.55 15 kg/m 2 (SD = 9.50). from the PASAT-C (see Figure 1 ). Self-report negative and positive affective adjectives that 14 assessed anxiety, fear, frustration, happiness, sadness, and tension were scored on a 100-point 15
Likert scale. A single question to assess urges to binge eat was added due to its relevance in the 16 current ED sample. Higher scores indicated greater intensity of the response. In the present 17 study, we created a composite for negative emotions using an average of scores from anxiety, 18 fear, frustration, sadness and tension. Urge to binge eat and happiness were assessed separately. 19
The original PANAS shows good convergent validity, with correlations ranging from .51 to .74 20 with the Beck Depression Inventory, the State-Trait Anxiety Inventory State Anxiety Scale and 21
Hopkins Symptom Checklist (Watson, Clark & Tellegen, 1988 ). In the present study, internal to add a visually presented digit to the previous visually presented digit. Explosion sounds 10 followed incorrect answers or when the participant failed to respond quickly enough. The 11
PASAT-C was presented for a maximum of twelve minutes, consisting of four levels that lasted 12 for three minutes each. With each successive level of the PASAT-C, the latency between trials 13 was decreased and negative feedback of "go faster," "do better," and "go faster, do better" was 14 added. By the fourth level (PASAT-C Level 4), there was a one second latency of trials with 15 negative feedback. Participants were provided written instructions at the beginning of the task 16 that they had the option to quit the task after completion of Level 2. If participants terminated the 17 task early, they went on to complete the recovery period, detailed below. Distress tolerance on 18
the PASAT-C was behaviorally operationalized dichotomously and continuously as termination 19
of the task when given the option and latency to quit, respectively. were computed from the 5-minute baseline, up to 12 minutes of the PASAT-C, and the 5-minute 23 recovery period, respectively. Please see Figure 1 for a schematic of the procedure. Once sensors 1 were attached, participants completed a baseline VAS and were asked to sit quietly without 2 moving for a 5-minute baseline period (Laborde, Mosley & Thayer, 2017) . Following this, 3 participants were instructed to begin the PASAT-C. Upon completion of the PASAT-C, 4
participants completed a second VAS and were asked to sit quietly for an additional 5-minutes 5 without moving for a recovery period (Laborde et al., 2017) . Participants completed a final VAS 6 rating after the recovery period. 7
Statistical Treatment 8
Chi-square tests were conducted to assess for group differences in all demographic 9
variables and medical and psychiatric comorbidities, with the exception of age, which was 10 assessed using an ANOVA. Variables related to presence of medication use (e.g., stimulant 11 medication, anxiolytics) and medical co-morbidities were included as covariates in the analyses 12 if there were significant differences between ED groups (BN, BED, AN) due to their effects on conducted with the self-reported negative emotion composite score, happiness, urge to binge eat, 1 RSA, SCRs and Tonic SCL as dependent variables. Planned simple effects analyses were 2 conducted to probe significant interactions. To examine group differences in PASAT-C 3 completion vs. non-completion, a chi square test was conducted. To examine group differences 4
in PASAT-C latency to quit, a univariate ANOVA was conducted. A power analysis indicated 5 that we were powered to detect medium to large interaction effects (f = .25 to .40) with a power Results 10
Preliminary Analyses 11
As expected, there were significant group differences on presence of a lifetime mood 12 disorder (p < .001), anxiety disorder (p < .001), medical co-morbidities (p = .006) and 13 medication use (p = .002), which were driven by the lack of psychiatric and medical co-14 morbidities among HCs. There were no significant differences between BN, BED and AN on 15 presence of a lifetime mood disorder, medical co-morbidities or medication use, although AN 16 were significantly more likely to have an anxiety disorder relative to BN (p < .05). Due to the 17 lack of significant systematic differences in psychiatric and medical co-morbidities between BN, 18 BED and AN, these variables were not included as covariates. Please see Table 1 for a 19 description of the severity of ED symptoms, demographic information and clinical characteristics 20 of the sample. individuals with AN did not differ significantly from BN or HC (ps > .06). There was no effect 14
of Time (p = .56) or an interaction between Time x Group (p = .93), but individuals with AN 15 exhibited a trend for decreased urge to binge eat after completion of the PASAT-C. See Table 3  16 for a summary of findings. 17
Hypothesis 2: PASAT-C termination and latency to quit. A chi square test indicated 18
that there were no differences between groups on PASAT-C completion versus non-completion, 19 χ 2 (3)= 3.85, p = .28. A univariate ANOVA suggested that there were no differences between 20 groups on PASAT-C latency to quit, F(3,129) = 1.39, p = .25, η 2 = .03. See Table 4 for means and 1 standard deviations. for RSA values, F(2,128) = 11.87, p < .001, η 2 = .09, such that all participants exhibited lowered 4 RSA during the PASAT-C, in comparison to baseline (p = .05) and recovery (p < .001). There 5 was a significant effect of Group, F(3,128) = 6.10, p = .001, η 2 = .13, such that individuals with 6 BED exhibited lowered RSA levels in comparison to individuals with BN or HCs (ps ≤ .006) but 7 not AN (p = .325) across all measurement periods. There was no Time x Group interaction for 8
RSA values. 9
There was a significant effect of Time for Tonic SCL values, F(2,109) = 50.57, p < .001, 10 η 2 = .32, and SCR values, F(2,107) = 32.85, p < .001, η 2 = .24, such that all participants exhibited 11
greater Tonic SCL and SCR values during the PASAT-C in comparison to baseline (ps < .001), 12
but not recovery (ps =.45 -.75). There was no effect of Group or Time x Group interaction for 13
Tonic SCL or SCR values. See Table 5 for means and standard deviations. psychophysiological responding and PASAT-C termination and latency to quit with self-report 23 of emotional experience suggests that individuals with EDs experience disproportionately greater 1 subjective distress relative to HCs when presented with the same stimuli. Overall, this may 2 suggest that while physiological and behavioral experience of distress manifests similarly across 3 groups, it is the interpretation of experiences during both baseline and when distressed that best 4 distinguish between groups with EDs and HCs. relative to the AN group, but did not differ significantly from the BN group; however, BMI was 14 not controlled for in the current study, as 92% of participants diagnosed with BED were 15 overweight or obese, likely due to the cumulative effects of objective binge episodes on weight 16 gain over time (Hudson et al., 2010) . Therefore, participants with BED are "doubly diagnosed" 17 with BED and obesity, making it difficult to dissociate diagnosis and weight status. Future 18 studies may wish to dissociate diagnosis and weight status. 19
Contrary to expectations, we did not find a Time (baseline, PASAT-C and recovery) by 20
Group interaction in self-reported urge to binge eat. However, there were Group differences in The PASAT-C achieved the desired result of increasing distress as evidenced by 6 increased negative emotions, decreased happiness, decreased RSA values and increased SCRs 7 and tonic SCLs across the sample, without differences in termination or latency to quit. This 8 suggests that regardless of baseline level of negative emotions or diagnostic group, the PASAT-9
C was distress inducing, which is consistent with past research utilizing samples with clinically 10 significant psychopathology (Gratz et al., 2006) . The success of the PASAT-C to induce distress 11 may have produced a ceiling effect on performance, such that all participants were equally 12 sensitive to its effects regardless of diagnosis. However, the lack of significant group differences 13 on the PASAT-C is counter to another study that found significantly shorter latency to quit the 14 PASAT-C among undergraduate students who endorsed binge eating behaviors relative to 15 controls (Eichen et al., 2017). The difference in findings may be due to sampling differences 16 between the two studies. The current study recruited treatment-seeking patients with a range of 17
EDs; the other study recruited non-treatment seeking college students. 18
Future Directions 19
The inclusion of multiple ED diagnostic groups can be considered a strength and a 20 limitation of the current study. Comparisons were possible between ED diagnoses and HCs, 21
however the smaller group of individuals with AN may have hindered detecting differences 22 between that group and others. For example, individuals with AN exhibited a trend for decreased 1 urges to binge eat after completion of the PASAT-C in comparison to baseline, which is in 2 contrast to individuals with BED and BN who exhibited similar urges to binge eat at baseline and 3 after the PASAT-C. This may reflect an increased desire for control over eating when 4 experiencing negative affect among individuals with AN (Fairburn, Shafran, & Cooper, 1999). A 5 larger sample of individuals with AN may clarify the urge to binge eat in response to stress 6 among different ED diagnoses. Furthermore, as the PASAT-C generated similar levels of 7 negative affect across the entire sample, future research could utilize emotion inductions that 8 may be more salient to EDs, such as cues involving body shape/weight concerns or food. Such 9 disorder-related stimuli may produce differential results between groups with EDs and HCs and 10 offer increased insight into the negative affect states that are posited to maintenance disordered 11 eating behaviors. For example, participants could complete behavioral approach/avoidance tasks 12 that involve examining the body in a mirror or observing images of high-caloric food. In terms of 13 behavioral assessments, future research could utilize distress tolerance measures that more 14 closely map onto eating disorder concerns, such as sampling foods. There are multiple physiological, cognitive, and psychological symptoms associated with obesity 20 and there is a risk of falsely conflating these symptoms with BED. Future studies may seek to 21 disentangle BED and obesity by examining whether similar patterns of findings are found for 22
individuals with BED who are of normal weight, or for individuals without EDs who are of 1 normal weight and overweight status. 2
The current study is one of the first to examine emotional responding across individuals 3
with EDs and HCs in response to a task that induces distress. It provides a step towards 4 enhancing our understanding of the similarities and differences in emotional responding across 5 ED diagnoses using multiple measures of emotional responding. As previously suggested, our 6
finding that individuals with BED exhibit overall reduced levels of RSA responding and 7 experience consistent urges to binge eat over time requires further study before treatment 8
implications can be made. The finding that EDs are associated with overall greater subjective 9 distress without deleterious effects on the PASAT-C termination or latency to quit relative to 10
HCs has treatment implications for the function of disordered eating to decrease distress 11 groups, suggesting there are not differences in the cognitive functioning required for the task, 
